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SUMMARY

The primary goal of the project was to refine and test a
series of biotic metrics for assessing biological integrity to
eventually develop biological criteria for demonstrating recovery
or degree of impact for freshwater ecosystems. A standardized
methodology proved effective for comparing and combining data
from the previous year of study. We found a quantitative sample
(modified Hess sampler, 250-um mesh) to be as fast and provide
additional information for macroinvertebrates (e.g., organism
density and biomass) and better resolution among stream types
than a qualitative kick sample. 1In addition, a single pass of
the electrofisher was effective for fish in streams with low
turbidity and low fish densities, but a three-pass approach was
needed when streams were turbid and/or had high fish densities.

The addition of some quantitative variables (e.g., maximum
water temperature, nitrate and phosphorus levels) for assessing
aquatic habitats were important or useful in distinguishing
between ecoregions and among stream types. Seven metrics for
macroinvertebrates (EPT richness, H' diversity, %EPT, HBI,
Simpson's Index, % dominance, and % Filterers) were found
important for distinguishing among stream types for the two
ecoregions. Six metrics for fish were found important for
distinguishing among-stream types between the two ecoregions.
These metrics focused primarily on the Salmonidae assemblage or
degree of tolerant taxa in the fish assemblage. The data suggest
the current refined biotic metrics are suitable for monitoring
biological integrity for streams in the Northern Basin and Range
and Snake River Plain ecoregions.



INTRODUCTION

Rapid bioassessment has become an important tool in assessing
the biological integrity of freshwater systems (Plafkin et al.
1989, Karr et al. 1986, Karr 1991). Rapid bioassessment attempts
to combine quantitative aspects of water quality with qualitative
biological conditions using a regional approach (Hughes et al.
1990). The regional approach provides a methodology for
assessing biological intergrity and facilitating the development
of recovery criteria among different ecoregions. Numerous states
have adopted an ecoregion approach for assessing biological
conditions (e.g. Fausch et al. 1984, Gallant et al. 1989).
Indeed, the state of Idaho recently drafted a number of
monitoring protocols for assessing biological integrity using
both fish (Chandler and Maret 1991) and macroinvertebrates (Clark
and Maret 1991) in conjunction with habitat evaluation guidelines
(Burton 1991, Burton et al. 1991). The present study
incorporated rapid biocassessment protocols for evaluating the
biological integrity of two ecoregions, the Northern Basin and
Range and Snake River Plain, located within Idaho.

The overall goal of this project was to further develop and
test a biological assessment program for small (2nd-4th order)
streams in the Snake River Plain (SRP) and Northern Basin and
Range (NBR) ecoregions of southern Idaho (Robinson and Minshall
1991). Specific objectives were fourfold:

(1) To establish an initial reference data base from a spectrum

of "least" impacted or disturbed stream habitats in the two
ecoregions;

(2) To demonstrate the utility of the ecological assessmert
approach by comparing biological conditions in environmentally
impacted streams with conditions in reference streams;



(3) To examine a variety of biotic metrics used to assess
biological integrity and determine their applicability to
conditions found in the Snake River Plain and Northern Basin and

Range ecoregions; and

(4) To determine if reference streams differ significantly
between the two ecoregions.

Reference streams were partitioned to cover both upland
(wooded-high gradient) and lowland (low gradient) habitat types.
Impacted streams used for validation were anthropogenically
perturbed locations representative of the major land use practice
in the area: livestock grazing. Special effort was made to
select designated "stream segments of concern" (Clark 1990, Dunn
1990). An additional objective of this project was to develop a
standardized field collection methodology for use by resource
managers in biomonitoring.

METHODS
Selection of Study Sites

Study sites were selected from candidate streams by reviewing
existing literature concerning site conditions, discussions with
various agency personnel (Bureau of Land Management, Idaho
Division of Environmental Quality, Idaho Department of Fish and
Game, and United States Forest Service) and private land owners,
and by field reconnaissance (Table l1). Maps of specific site
locations are included in this report as Appendix A. Thlrty-nlne
of 70 streams examined during the summers of 1990 and 1991 were .
selected for field sampling and data analysis. =

Stream types analyzed included upland, lowland, and impacted
lowland sites on small 2nd-4th order streams (Strahler 1957).

3



Table 1.
" STREAM 7.5 TOPOGRAPHIC
*Green Elba
*Stinson Cache Peak
*Trapper Severe Springs
‘Buck Dish Pan
*Cottonwood

Goose (Upper)
Six Mile

*Rock (3rd Fork)
Rock (4th Fork)
Big Cottonwood
Ef Jarbridge
Trout

Eight Mile

Cold

‘Little Jack's
‘Lake Fork
“Station Fork
*Cottonwood
*Big Jack's (Upper)

Vinyard

-
Salmon Falls .

Devil's Corral

O'connor Ridge
Timber But.te
Strevell
Grandview Peak
Grandview Peak
Buckhorn Canyon
Murphy Hot Springs
Mahogany Butte
Sandrock Canyon
Blue Hill

Bighorse Basin Gap
Sublett

Sublett

Hill Pasture

Hil! Pasture
Kimberly
Roseworth Ne

Kimberly

Cassia
Cassia
Cassia
Owyhee
Cassia
Cassia
Cassia
Cassia
Cassia
Cassia
Owyhee
Cassia
Cassia
Cassia
Owyhee
Cassia
Cassia
Owyhee
Owyhee
Jeroms
Twin Falls

Jerome

LONGITUDE ~ LATITUDE

113°43°
113°40°
114°08'
115°25°
113°40'
114°15°
113°10°
114°15°
114°15°
114°05°
115°20°
114°10°
113°10°
113°55°
116°00°
113°02°
113°00'
116°05'
116°02'
114°20°
114°50°

114°20°

42°15°
4215
42°10'
42°00°
42°15°
42°05'
42°07"
42°15°
42°15’
42°15'
42°00°
42°05°
42°10°
42°07°
42°35'
42°20°
42°20'
42°32°
42°35'
42°35°
42°25°

42°35°

TOWNSHIP  RANGE

s RaE 11
T138 R24E 33
T15S R20E 10
T16S RO9E 28
T13S R24E 23
T15S R19E 31
T15S R28E 16
T13S R19E 32
T13S R19E 32
T13S R21E 30
T165 RO9E 25
T16S R19E 12
T15S R28E 4
T15S R22E 21
T08S RO3E 16
T128 R29E 34
T13S R29E 1
T10S RO3E 27
T10S RO4E 18
T10S R18E 4
T11S R14E 19
T09S R18E 32

Specific locations of study siles examined by field reconnaissance and for calculations (*).

SECTON

ELCVATION
1772
1848
1612
1590
1500
1848
1757
1575
1575
1515
1590
1818
1757
1727

1072

1455
1333

1067



Table 1 (cont.)

7.6 TOPOGRAPHIC COUNTY

~ STREAM 'LONGTUDE  LATITUDE  TOWNSHIP  RANGE  SECTION  ELEVATION

wr

“Sand Springs Thousand Springs  Goodng  114°50'  azeaz  Toss  mwe 17 ere
Dove Taylor Canyon Twin Falls 114°55° 42°05° T158 R13E 26 20120
*Sheep Triguero Lake Owyhee 115°45° 42°15' T148 ROSE 15 1467
‘Big Jack's (Lower) Wickahoney Cross Owyhee 116°00° 42°35" T10S RO4E 4 1242
*Cassia O'connor Ridge Cassia 113°30' 42°15° T13S R25E 22 1500
‘Mary's Buckhorn Owyhee 115°55° 42°10' T14S RO4E 27 1730
Duncan Hill Pasture Owyhee 116°00' 42°34" T10S RO4E 19 1364
‘Duncan 2 Hil! Pasture Owyhee 116%04" 4203y T10S RO3E 36 1482
*Shoshone Magic Hot Springs Twin Falls 114°30' 42°02 T16S R16E 24 1636
Desp Buht Twin Falls 114°50° 42°35" T10S R14E 8 1121
*Deep 2 Stack Mountain Owyhee 116%1 42%5 T10S RO3W 3 1580
Goose (Lower) Blue Hill Cassia 113°55" 42°05’ T15S R22E 31 1467
‘Trapper (Lower) Severs Springs Cassia 114°03° 42°10°" T15S R21E 6 1539
Billingsley Tuttle Gooding 114°50" 42°50' T07S R14E 19 909
‘Mink Oneida Narrow Resevoir  Franklin 111%39’ 42%6 T13S R41E 22 1647
*Bloomington Paris Bear Lake 111%30 42911 T148 R42E 23 1891
‘W F Mink Clifton Creek Bannock 112%26 42%4 708S R34E 13 1647
‘Timber lron Creek Point Custer 113%26 44%25 T13N R25E 25 2330
‘S F Soldier Philtips Camas 114%50° 43%30° To2N R14E 19 1848
*Charry Galena Blaine 114%3g' 43%71: TO6N R15E 14 2190
‘Bear Copper Basin Custer 113%s6" 43%s5: TOSN R21E 22 717
‘Ramey Copper Basin Custer 113%¢' 4399 TO6N R21E 27 640
‘Coyote Galena Blaine 114%39° 43%: TO6N R15E 15 2199




Table 1 (cont.)

STREAM 7.5 TOPOGRAPHIC COUNTY LONGITUDE ~ LATITUDE  TOWNSHIP  RANGE  SECTION ELEVATION
‘Big Willow Sovaw Butle  payeme  116%8° 4% TooN  Row 20 009
*Cotd Springs Goodman Flat Gooding 115921 43%s8" T03S R0O3S 26 1183
‘Current Slack Mountain Owyhee 1 16045' 4 2035' T09S RO3W 31 1617
*Spring Riley Butte Washington 116925’ 44921 T12N ROIW 24 1040
*S F Mink Clitton Butte Bannock 112%25" 42%1 T08S R35E 3 1769
‘Wolverine Wolverine Bingham 111%12° 43%7 T02S RAgE 6 1678
‘Camas Spring Creek Resevior Camas 114939’ 43%19° TO1S R15E 22 1501
*Rock {Magic) Richardson Summit Blaine 114%24: 43%26 TO1N R17E 11 1571
*Rock (Twin) S-5 Stricker Butte Twin Falls 114%21" 42027 T118 R18E 23 1220
*Rock (Twin) S-6 Grand View Peak Twin Falls 114%18 42971 T128 R18E 24 1332
*Rock (Twin) S-8 Grand View Peak Cassia 114%14 42%17 T13S R19E 17 1525
Soldier Phillips Camas 114%50" 43°30" TO2N R14E 19 1848
Soldier (above S F) Phillips Camas 114%s0 43930 TO2N R14E 19 1848
Willow Macon Camas 114%30° 43%0 T01S R16E 3 1495
Portneut Chestertield Caribou 112%0" 42950 T07S R37E 26 1610
Birch Mink Creek Franklin 111%40° 42%15 T13S R41E 9 1708
Newman Easley Hot Springs Blaine 114°40’ 43°%1" TO6N R15E 15 2196
Webber Heart Mountain Clark 112%0° 44925 Ti2N RoOW 15 2074
fron Iron Creek Point Custer 113%25 43925 T12N R25E 12 2245
W F Star Hope Copper Basin Custer 113956 43%s TOSN R21E 22 763
W F Shoofly Snow Creek Owyhee 116%16" 42%s: T08S RO1E 13 1373
Clover h Davis Mountain Gooding 114955 43%10r T03S R13E 19 1513




Table 1 (cont.)

STREAM 7.5 TOPOGRAPHIC "~ COUNTY  LONGITUDE  LATITUDE  TOWNSHP  FANGE  SecTion ELEVATION
Nip & Tuck Wickiup Creek Owyhee 116%40° 42%30° T09S RO3W 27 1830
Shootly Ox Lake Owyhee 116914 42%s5 T08S RO2E 9 1281
Corral Corral Camas 114%50; 43%20" T01S R13E 21 1548

Note. 7.5 topographic quad maps, and elevation in meters.




Upland sites were characterized as having greater slopes, more
turbulent flow, and being higher in elevation than lowland sites.
The impacted sites were representative of lowland areas perturbed
primarily by livestock grazing and other nonpoint source
agricultural inputs; impacted streams served for metric
validation. The 39 sites analyzed were comprised of 16 (11 in
SRP, 5 in NBR) upland, 10 (8 in SRP, 2 in NBR) lowland, and 13 (9
in SRP, 4 in NBR) impacted lowland streams. The number of sites
examined in detail were limited by budgetary constraints. The
unbalanced sample sizes were largely the result of an
administrative decision to emphasize initially SRP streams and by
the difficulty in locating satisfactory lowland reference sites.

Field reconnaissance provided an important avenue for final
selection of study sites from candidate streams. A two-part
habitat assessment data sheet was used during field
reconnaissance (Table 2). The first page provided for detailed
information on physical and chemical characteristics (e.g.,
stream slope, elevation, width/depth ratio, mean width, % canopy
cover, land-use, vegetative characteristics, discharge (Platts et
al. 1983), riparian conditions, substrate measures, water
temperature, pH, specific conductance, alkalinity, and turbidity)
for a site. The second part included a habitat assessment field
survey which allowed for the tally of an overall habitat score
based upon the qualitative ranking of 12 categories (based from
Plafkin et al. 1989, Barbour and Stribling in press, Clark and
Maret 1991). The habitat assessment field data sheet currently
involves categories based upon prevailng habitat conditions,
i.e., whether a site consists predominantly of riffle/run or
glide/pool conditions (Table 2). Categories were modified to
take into account these prevailing habitat conditions of a;éite.

Onsite field reconnaissance and habitat assessment generally
required about three person-hours per stream once at the site.
Initial logistic planning in the laboratory using 1:100,000-scale

8



Table 2. Habitat evaluation field data éheet.

IDAHO ECOREGION - HABITAT ASSESSMENT FIELD DATA SHEET

ECOREGION:
STREAM/TYPE:
DATE/RECORDER:

GENERAL PHYSICAL CHARACTERISTICS

STREAM ORDER:

STREAM SLOPE:

SITE ELEVATION:

DISCHARGE:

LAND-USE
ADJACENT TO STREAM:
WATERSHED:
IN-STREAM VEGETATION:
RIPARIAN VEGETATION:
WATERSHED VEGETATION:
BANK EROSION PRESENT:
NPS POLLUTION EVIDENT:

STREAM WIDTH: ' ’ ’ '

DEPTH: (1)
(2)
(3)
(4)
(5)

VELOCITY: ’ ’ ’ ' ' ’ ’ ’ ’
PROP #,TIME: ’

PERCENT CANOPY COVER:

RIPARIAN ZONE WIDTH: rt bk ’ ' 1ft bk ,

- 0w wm N~
- wm w w
- N W w ow
- w N N~
- wm w N~
- % wm W
- W wm w ow
.- e w W~
- wm W W -

PREDOMINANT SUBSTRATE:a-axis , . b-axis ,

WATER QUALITY
TEMPERATURE:
ALKALINITY:
pH:
CONDUCTIVITY:
TURBIDITY:
HARDNESS:
NITROGEN:

WEATHER CONDITIONS:

PHOTOGRAPH NUMBER:

COMMENTS
ACCESSIBILITY:
LOCATION:
OWNERSHIP:




Table 2. (cont.)

HABITAT ASSESSMENT FIELD DATA SCORING SHEET

ECOREGION:

STREAM/TYPE: SCORE

DATE/RECORDER:

RIFFLE/RUN (UPLAND) GLIDE/POOL (LOWLAND)

1. SUBSTRATE/COVER 1. SUBSTRATE/COVER

2. EMBEDDEDNESS 2. POOL SUBSTRATE TYPE

3. FLOW/VELOCITY 3. POOL VARIABILITY

4. CANOPY COVER 4. CANOPY COVER

5. CHANNEL ALTERATION 5. CHANNEL ALTERATION

6. BOTTOM SCOURING AND DEPOSITION 6. DEPOSITION

7. POOL/RIFFLE or RUN/BEND RATIO 7. CHANNEL SINUOSITY

8. WIDTH/DEPTH RATIO 8. WIDTH/DEPTH RATIO

9. UPPER BANK STABILITY 9. UPPER BANK STABILITY

10. BANK VEGETATION : 10. BANK VEGETATION

11. STREAMSIDE COVER 11. STREAMSIDE COVER

12. RIPARIAN WIDTH 12. RIPARIAN WIDTH

RANKINGS -

PARAMETER EXCELLENT GOOD FAIR POOR

1-4 16-20 11-15 6-10 0-5
5-8 12-15 8-11 4-7 0-3
9-12 9-10 6-8 3-5 0-2




pPlanimetric maps made field reconnaissance more efficient. This
procedure was emphasized due to the often remote nature and
widely separated locations of field sites. For example, field
site locations ranged from the Idaho/Wyoming border tc the
Idaho/Oregon border and often were accessible via a dirt track or
by foot. However, some sites were examined on an impromptu basis
while en route to a scheduled site. We recommend that field
Crews also complete a habitat assessment field data sheet at the
time of sampling if habitat conditions change since time of field

reconnaissance.

Refinement of the Habitat Assessment Procedure

Other quantitative measures of habitat conditions were
recorded at each sampled site in addition to the physical and
chemical measures listed above (Table 3). These measures
included a width/depth ratio and mean width averaged from five
channel transects each 30m apart, % canopy cover, periphyton
chlorophyll a and ash-free-dry-mass (AFDM) (n=5), total hardness,
nitrate, ortho-phosphate, substrate size and embeddedness
(n=100), and amount of benthic organic matter (BOM). Nitrate and
ortho-phosphate was measured in the field using a HACH kit.
Benthic organic matter was quantified from material obtained with
the benthic macroinvertebrate samples. Following
macroinvertebrate processing, organic matter was determined by
drying the sample at 60 °C for 48 h, weighing, ashing at 550 °c
for 2 h, rehydrating, redrying for 24 h, and reweighing. The
difference in dry weights is the quantity of organic matter (as
AFDM) for that sample.

Periphyton was collected by scraping a known area from the
surface of a stone and collecting the material onto a Whatman
GF/F glass fiber filter (see Robinson and Minshall 1986). Upon
filtering, the material was kept frozen until analysis in the

11



Table 3. Summary of habitat meesures recorded for eech study site. Data for Rock Creek (Twin) sites from Idaho DEQ.
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laboratory for chlorophyll a and AFDM. Initially, samples were
ground in reagent-grade acetone using a Brinkmann tissue
homogenizer (Model PT 10/35). Chlorophyll a was extracted in
reagent-grade acetone and quantified using a Gilford Model 2600
spectrophotometer (APHA 1989). The AFDM of each sample was
determined as described above for BOM using the material from
chlorophyll a analysis.

Multiple Discriminant Analysis (MDA) was completed using
habitat measures (Table 3) including the qualitative habitat
assessment categories (Table 4) in order to distinguish among
stream types and between ecoregions. Analyses were completed on
an HP-vectra (model RS/20) PC using the Statistica software
program (Statsoft: Statistica 1990). Principal Components
Analysis (PCA) also was used to determine important habitat
measures for separating sites. Both analyses were found
effective in determining important habitat measures and indicated
the need to incorporate both qualitative and guantitative
measures to describe stream habitat conditions. Selected
guantitative measures were scored by proportional scaling of
measured values over an arbitrary range of 0 to 15 (maximum score
per measure equaled 15) to make them comparable with the habitat
assessment categories. 1Individual scores were summed across
measures for each site for an overall habitat score (e.g., see
Table 5).

Field Sampling of Benthic Macroinvertebrates and Fish

In 1990, qualitative sampling was completed at all selected
sites and additional quantitative samples collected at five of
these sites (Robinson and Minshall 1991). 1In 1991, quantitati&e
sampling was completed on all selected sites and additional -
qualitative samples collected at ten of these sites. Generally,
field sampling for macroinvertebrates and fish was completed in
ca. 10 person-hours (e.g., 5 crew members for 2 h) per site, and

13
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Yable 4. Summary of habitat assessment category scores for each study stream. Data for Rock Creek (Twin) sites from Idsho DEQ.
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Yable 5. HModified habitat score based on factors shown important by statistical analyses. Score combines quantitative and qualitative categories.

STATION  # LOC osprﬁ SCR COVER SCR CHL-a SCR '(C) SCR COND. SCR sck "% scr Ve scr e sce SLOPE scr T 60t PRTE SMNS SIBEAM uioth S3ORE not';ﬁlsn
1M é% PR IR AT RIERT B
lothinaron 38 ik 174 1o 3 of g 2 [ om wem ped 484 16 g PR .
g 4 % U

ARHUERIIUL LHIIRIRELE
Gaey G5 9 | § i s eo E% 4 13;1: é'za 1% j S I A A
Hm:cﬂackjgégé ?ég ; g % ﬁ égi é ﬁ } lsfg 83 gg g 18] . 1§ "
it 18 2] g b PRY i ] Egﬁ é@ g g% %
CodSrmgséSRP 12: ] . . 1% ig 6. l 13 1 '
S R:EER] BRI BEEL BEBURIEIRENIEIIRE
g‘gd:ck agg : 4 8: . 15 1 1: 14 29.8 8 1.0 1 S 1 89 1
AERl F AE § el §,§ N i !
S R RERE R BERI B BRI BRI NRREEEIEE N
UPLAND mean 19.6 54.1 0.74 11.8 144 0.07 0.06 15.7 33.6 5.4

LOWLAND " mean 20.8 54.0 4,78 14.3 146 0.10 0.30 10.7 23.5 1.8

IMPACTED mean 21.4 5.2 3.18 16.9 183 0.10 0.27 8.5 47.8 1.3

2:::::: scmi1-15 <19.6 >S50 <0.74 <12.0 <150 <0.07 <. 10 »>15.0 <25 »3.0

marginal 6-10 19.6-21.4 25-50 .75-2.0 12-14 150-200 .07-.10 .10-.20 10-15 25-50 1-3

poor 0-5 >21.4 <25 >2.0 >14 >200 >.10 >.20 <10.0 >50 <1




only two sites typically were completed in one day due to the
remote locations of sites. Qualitative sampling followed
protocols III and V of the Rapid Bioassessment Protocols
recommended by the US Environmental Protection Agency (Plafkin et
al. 1989). No separate "leaf pack" (coarse particulate organic
matter/shredder) samples were collected due to the paucity of
this material in the streams at the time of sampling (mid-
summer). The rarity of leaf packs during a significant portion
of the ice-free period indicates that this metric is of little
value in these ecoregions, unless collected in mid to late autumn
(the period of leaf fall).

Benthic macroinvertebrates were qualitatively collected from
riffle/run habitats using a metal-framed net (1-mm mesh in 1990
and 500-um mesh in 1991, 30cm high x 60cm wide x 100cm long)
affixed to a "D"-style scoop shovel handle. A 3-minute sanmple
was proportioned between riffle and run habitats along a 150m
length of stream. The material in the net was stored in labeled
Whirl-pac*™ bags and preserved with 10% formalin. The material
was transferred into 70% ETOH in the laboratory for sample
storage. Quantitative benthic samples were collected at five
riffle/run habitats using a modified Hess net (250-um
mesh) (Waters and Knapp 1961). Quantitative sampling followed the
methodology described in Platts et al. (1983).

In the laboratory, a 300-count sample of macroinvertebrates
was systematically handpicked from each qualitative sample for
metric analysis. In 1990, all macroinvertebrates were removed
from each quantitative sample. In 1991, the five quantitative
samples from a site were combined and a minimum of 300 organisms
were systematically handpicked from the composited sample.‘fTo
maintain the quantitative nature of the Hess sample, the -
composited sample was placed in a pan equally divided into twelve
compartments or cells. All macroinvertebrates were removed from
randomly selected cells until 300 or more organisms were removed.
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For example, a cell was completely picked of organisms regardless
of whether 300 organisms were removed before completing the cell.
Values of handpicked specimens were then multiplied by the
appropriate constant (12/no. of cells completed) for estimates of
total abundance. These data also were used for estimates of
macroinvertebrate densities. All picked macroinvertebrates from
qualitative or quantitative samples were identified to lowest
feasible taxonomic unit (usually species level) and enumerated.
Specimens of all macroinvertebrate taxa collected were retained
for voucher collections and housed at the Stream Ecology Center
of Idaho State University; voucher specimens also were deposited
with the Idaho Department of Health and Welfare, Bureau of
Laboratories; and the Orma J. Smith Museum of Natural History,
Albertson College of Idaho, Caldwell, Idaho.

Fish were collected using a gas-powered Cofelt Model BP-6
backpack electrofisher (110 or 220 AC voltage) downstream from
the benthic macroinvertebrate sample section. All sites had at
least one pass made with the electrofisher along a maximum 100-m
reach of stream encompassing a minimum of two riffles/runs and
two pools, or a minimum of 100 fish collected. Blocknets were
installed below and above each section prior to electrofishing.
Three passes were completed at 15 sites for a quantitative
estimate of fish abundance (Zippin 3-step method; Platts et al.
1983). The fish from each pass were identified, counted,
weighed, and noted for any external anomalies. A specimen of
each species was retained for reference and for verification of
field identifications, and all remaining captured fish released.
The voucher specimens were deposited in the Orma J. Smith Museum
of Natural History, Albertson College of Idaho, Caldwell, Idaho.

Data Analysis

Biotic metrics were calculated from the fish and
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macoinvertebrate data from each site as described in Winget and
Magnum (1979), Platts et al. (1983), Plafkin et al. (1989),
Fisher (1989), Clark and Maret (1991), and Chandler and Maret
(1991). Eighteen metrics were calculated for benthic
macroinvertebrates: ratio of Ephemeroptera, Plecoptera, and
Trichoptera (EPT) abundance to Chironomidae (Ch) and Oligochaeta
(0) abundance (EPT/Ch+0); species richness; EPT richness;
Hilsenhoff Biotic Index (HBI); Biotic Condition Index (BCI);
ratio of EPT/Ch; % dominance; Shannon's diversity index (H');
Simpson's dominance index (C); ratio of Scrapers/Filterers (S/F
ratio); ratio of Shredders/Total; macroinvertebrate density; %
Scrapers; % Filterers; % Shredders; % EPT taxaj % CH+0; and %
Chironomidae (Table 6). The HBI used an assumed scale from 0-10
(Hilsenhoff 1988), and regional tolerance values from Wisseman
(1990) .

Twenty metrics were calculated for fish: Species richness;
Number of native species; Number of introduced species; Number of
Salmonidae species; Number of benthic insectivore species; Number
of intolerant species; Number of tolerant species; % introduced
species; % carnivores; % omnivores; % insectivores; % Salmonidae;
total density; total biomass; Salmonidae density; Salmonidae
biomass; Tolerant density; Tolerant biomass; % Young-of-Year; and
Salmonidae condition factor (Table 7). Fish Condition Index was
calculated as: (weight in grams)/(total 1ength3)*(105). Fish
tolerance, trophic guild, and native/introduced designations were
determined from Chandler and Maret (1991) (Table 8).

Values for criteria scores were determined using
recommendations in Plafkin et al. (1989) and based on the 95%
confidence limits about the mean absolute value for uplandf
(reference) sites. For example, a score of 5 (representiﬁg the
optimal value for a metric) was recorded if the absolute value
for that metric was greater than (or less than, if a low value
indicated the optimal condition) the 95% confidence limit about
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Table 6. Absolute values and respective scores for macroinvertebrate metrics used f

or metric development.
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Table 6. (cont.)
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Teble 7. Summary of fish metrics derived from electrofishing collections in the Snake River Plain and Northern Basin and Range Ecoregions.
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Table 8. Huwber of fish collected by electrofishing streams in the Snake River Plain and Northern Basin and Range Ecoregions.
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mean absolute value (i.e., mean+95%CL). A score of 3 was
recorded if the absolute value fell within the mean absolute
value and mean+95%CL value, whereas a score of 1 was recorded for
absolute values that were less than the mean absolute value.

Important metrics, for macroinvertebrates and fish, to
distinguish among stream types and between ecoregions were
determined using Multiple Discriminant Analysis (MDA) and
Principal Components Analysis (PCA) using the Statistica software
package (Statsoft: Statistica 1991). Once the important metrics
were determined for macroinvertebrates or fish, metric criteria
Scores were summed for each site and regressed against respective
habitat assessment scores. Additional regressions were completed
for summed metric scores against habitat assessment scores by
ecoregion. ANOVA was used to test for differences between the
summed criteria metric scores among stream typres and between
ecoregions (Zar 1984). The post hoc Student Newman Kuels (SNK)
test was used to determine differences among means.

Quantitative versus Qualitative Sampling: Metric scores derived
from the quantitative macroinvertebrate samples were compared
with metric scores derived from the qualitative samples. Linear
regression was completed on the quantitatively-based metric
scores against respective qualitatively-based metric scores. 1In
addition, separate regressions were completed for quantitative
and qualitative metric scores against habitat assessment scores.
Fish abundance was quantified using the Zippin 3-pass method.
Analyses consisted of regressing lst-pass abundance against the
estimated total abundance for a site.

RESULTS

Habitat Assessment and Evaluation: Habitat assessment
scores based on the subjective categorical criteria qveraged 160
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(range 142-172) for upland sites, 146 (range 111-173) for lowland
sites, and 87 (range 27-111) for impacted sites (Table 5).
Maximum possible score was 180. In order to reduce the
subjective nature of this scoring system and to provide a
compromise with quantitative habitat measures, we completed a
multiple discriminant analysis to distinguish among stream types
using both the qualitative (Table 4) and quantitative (Table 3)
measures. This analysis was further used to separate stream
types by the two ecoregions. Based on the results of the MDA
(Appendix B), six of the twelve subjective measures and ten of
the twenty quantitative measures were found important to
distinguish among stream types between ecoregions (F=8.98,
p=0.0000) (Table 5). Criteria scores of the selected subjective
categories were retained, and criteria scores were developed to
standardize quantitative categories. A maximum score of 15 was
used to indicate optimal habitat (range 11-15) for these
quantitative categories (Table 5). Marginal habitat was
indicated with scores between 6-10, and poor habitat with scores
between 0-5. The absolute values of habitat measures with
respective criteria scores can be found in Table 5. The criteria
scores were summed for a habitat assessment score for each site.

A maximum score of 235 was possible with the revised habitat
evaluation procedure (Table 5). Modified habitat scores for
upland sites ranged from 125 to 217, for lowland sites from 87 to
184, and for impacted sites from 51 to 107 (Fig. 1). The
regression of the subjective habitat score against the refined
habitat assessment score was r?=0.67 (Fig. 2). This relatively
low r-square suggests that the inclusion of quantitative measures
added important information for evaluating stream/riparian
habitats between ecoregions. For example, impacted sites,hﬁd
higher temperatures and nutrient levels than upland sites”
resulting in lower habitat scores for these variables (Figs. 3-
5). In addition, the SRB ecoregion had lower values of specific
conductance than NBR ecoregion resulting in higher habitat scores
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Habitat Assessment Score

Subjective Score

Modified Score

100
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200 ~ T -_
150 ~
100 + &
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ALL UPLAND LOWLAND IMPACTED

Fig. 1. Subjective and modified habitat
assessment scores for upland (UP),

lowland (LO), and impacted (IM) stream sites
(NB=Northern Basin, SR=Snake River Plain
ecoregions) Vertical bars represent one
standard deviation from the mean.
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Modified Habitat Assessment Score
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O | ! I
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Subjective Habitat Assessment Score

Fig. 2. Modified habitat assessment score regressed
against the original unmodified habitat assessment
score. Outer diagonal lines represent 95% confidence
limits.
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Habitat Score

| _Flow Velocity
o T = T

Pool Riffle 12

20

|
oy
&)
=
W
&
cr
o)
=
=
<

12 12
Stream Cover - ;5L Riparian Width
10 - T
I SR .: I
8 6
4
6
2
4 UF 1O m NB SR NB SR SR O UuP W0 I R SR NB SR

ALL UPLAND LOWLAND IMPACTED ALL UPLAND LOWLAND IMPACTED

Fig. 3. Qualitative categories and respective scores

for upland, lowland, impacted and all sites pooled for
Northern Basin and Range (NB) and Snake River Plain
Ecoregion (SR) streams. Scores of zero were obtained
for flow velocity and canopy cover at NB lowland sites.
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Habitat Score

Objective Category

20 20
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‘Fig. 4. Objective categories for upland, lowland,
impacted and all sites pooled for Northern Basin and
Range (NB) and Snake River Plain Ecoregion (SR) streams.
Embeddedness and P04 was not measured at lowland
and NB sites. ‘
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Fig. 5. Quanitative categories and respective scores
for upland, lowland, impacted and all sites pooled for
Northern Basin and Range (NB) and Snake River Plain
Ecoregion (SR) streams. A score of zero was obtained
for % cover, and NO3 was not measured at lowland

Northern Basin sites.
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for this variable in the SRP (Fig. 4). These habitat variables
were effective in separating stream types based on the multiple
discriminant analysis (Fig. 6). Its important to note that the
inclusion of these quantitative measures added very little time
to field procedures.

Macroinvertebrate Metric Development: Seven community level
metrics were found important (based on PCA, MDA (Appendix C), and
multiple linear regression results) for discriminating among
stream types: EPT richness, HBI index, % dominance, Shannon's
(H') diversity, Simpson's index, % Filterers, and % EPT taxa
(Fig. 7). These metrics resulted in a maximum summed score of 35
(Table 9). Scores ranged from 7 to 35 for upland streams, fronm
11 to 25 for lowland sites, and from 7 to 21 for impacted
streams. EPT richness was greater in upland than lowland and
impacted streams (Fig. 8). The HBI index, % dominance, Simpson's
index, and % Filterers were highest in impacted streams than in
upland and lowland streams. Shannon's (H') diversity was similar
in upland and lowland streams, and lowest in impacted streams.

The macroinvertebrate metric score displayed a positive
regression against the habitat assessment score (r?=0.37) using
all sites analyzed (Fig. 9). The average metric score was
highest in upland streams (mean=23), and lowest in impacted
streams (mean=13) (Fig. 10). Average macroinvertebrate metric
scores were similar between ecoregions for each stream type. The
regression of the macroinvertebrate metric score against the
habitat assessment score for each ecoregion displayed almost
identical relationships (r2=0.46 for NBR, r?=0.44 for SRP) (Fig.
11). Regression slopes were essentially the same (NBR, 0.14;
SRP, 0.11). "

Metric scores derived from qualitative samples were regressed
against samples collected quantitatively from the same site.
Similar metric scores were derived from either sampling method
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represent one standard deviation from the mean.
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Fig. 10. Mean macroinvertebrate metric
scores (separate and combined) of upland
(UP), lowland (LO), and impacted (IM) sites
for Northern Basin and Range (NB) and
Snake River Plain (SR) ecoregions. Vertical
bars represent one standard deviation from
the mean.
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(r2=0.87)(Fig. 12), however macroinvertebrate density and biomass
could not be determined from qualitative samples. These are two
parameters of functional significance. Qualitative scores were
somewhat lower than quantitative scores for upland sites, similar
for lowland sites, and somewhat higher for impacted sites (Fig.
13). This resulted in greater separation among stream types
using a quantitative sampling approach (mean score range=12-25)
than with gualitative samples (mean score range=14-20). Further,
the regression of the metric score derived from quantitative
samples provided a better fit (r?=0.30) against the habitat
assessment score than the metric score derived from qualitative
samples (r?=0.19) (Fig. 14).

Macrinvertebrate Taxa Analysis: Multiple Discriminant Analysis
(MDA) and Principal Components Analysis (PCA) were completed from
45 taxa that comprised at least 5% of the assemblage at a site
(Table 10). Twelve taxa from this list were found important in
distinguishing among stream types based on the MDA (Appendix D)
and PCA results: Simulium, Baetis, Turbularians, Elmidae,
Rhyacophila, Hydracarina, Ephemerella, Pisidium, Alloperla,
Hexatoma, and Antocha (Fig. 15). However, some other taxa
appeared to be more prevalent at upland sites, e.g., Rhithrogena,
Zapada, Capnia, Micrasema, Rhyacophila acropedes, and Drunella
doddsi. In contrast, odonate larvae and Sialis were more common
in lowland and some impacted sites (Table 10).

The twelve taxa listed above were scored (as described in
methods) based on 99% confidence limits on the mean absolute
value for upland sites and summed (Table 11). The summed score
averaged 32.5 for upland streans, 29.5 for lowland streams, and
27 for impacted streams. The summed scores were regressedy/
against the refined habitat assessment scores and showed a
positive relationship (r2=0.25) (Fig. 16). The results suggest
much variation in the presence and absence of particular taxa
within and among stream types. The taxa score was summed with
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Fig. 13. Mean macroinvertebrate metric scores
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measurements for each site type. Vertical bars
represent one standard deviation from the
mean.
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the mean.

42



Table 10. Macroinvertebrate taxas that comprised >5X of the assemblage for any one site. See Appendix F for taxa names for respective species notations.
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Table 10. (cont.)
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the refined macroinvertebrate metric score and regressed against
the habitat assessment score. This relationship also was found
to be positive (r2=0.37); this value was identical to the
regression coefficient of the refined metric score and habitat
score. These data suggest further refinement is necessary for

taxa level metric development.

Fish Metric Development: Table 8 provides the raw data for fish
species collected from each site, and designations of fish taxa
for tolerance, trophic guild, and whether native or introduced
(Chandler and Maret 1991). Evident from this table is the shift
from a relatively intolerant Salmonidae-based system in upland
streams to a tolerant non-Salmonidae based system in impacted
streams. This data is summarized in Table 8 for the 20
individual metrics. Principal Components Analysis and Multiple
Discriminant Analysis agreed closely with important fish metrics
to distinguish among stream types and ecoregions. Six of the
original 20 metrics were found important: Number of Salmonidae
Taxa, Number of Tolerant Taxa, % Salmonidae, Salmonidae Biomass,
Tolerant Density, and Salmonidae Condition Factor (Table 12). A
score of five indicated optimal conditions for a particular
metric, with a maximum summed fish metric score equal to 30.

Salmonidae were predominant in upland sites, whereas tolerant
taxa were predominant in impacted streams (Fig. 17). Salmonidae
species richness, % Salmonidae, Salmonidae standing crops, and
the condition factor of Salmonidae were highest in upland
streams, followed by lowland, and then impacted sites. 1In
contrast, the number of tolerant taxa and density of tolerant
fish were highest in lowland and impacted streams than in upland
streams (Fig. 17). Salmonidae species richness, $% Salmonidaebf
Salmonidae biomass, and Salmonidae condition also appeared to be
greater in the Northern Basin and Range ecoregion than in the
Snake River Plain ecoregion. 1In addition, the number of tolerant
taxa and tolerant fish density appeared greater in the Snake
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Table 12.

and Northern Basin and Range Ecoregions.

Metrics and corresponding scores derived from fish collections in the Snake River Plain

NUMBER NUMBER % SALMON TOLERANT CONDITION TOTAL
SALMON TOLERANT SALMON BIOM DENSITY FACTOR SCORE
STREAM TYPE SPECIES SC SPECIES SC sC SC sC SC MAX=30
Green Up 2 5 0 5 1 5 193 5 0 5 t1.08 5 30
Stinson Up 1 5 g 5 1 5 854 5 0 5 1.07 5 30
Trapper (upper) Up 1 5 60 5 0.5 3 107 1 0 5 1 5 24
Buck Up 1 5 0 5 15 1.67 1 0 5 0.88 5 26
Cot tonwood Up 3 5 6 5 0.75 5 2. 5 0 5 0.97 5 30
3rd Fork Up 15 0 5 1 5 7.02 5 0 S5 0.7 5 30
Bloomington Up 1 5 0 5 1 5 0.18 1 0 5 1.3 5 26
Mink (Preston) Up 1 5 0 5 1 5 5.9 5 0 5 1.16 5 30
WF Mink (Poc.) Up 1 5 0 5 1 5 1.9 5 0 S5 1.066 5 30
Timber Up 1 5 0 5 1 5 3.8 5 6 5 113 5 30
SF Soldier up 1 5 0 5 0.5 3 0.4 1 0 5 1.32 5 24
Cherry up 0 1 0 5 0 1 0 1 0 5 NA 1 14
Bear up 1 5 0 5 1 5 0.8 1 0 5 1.07 5 26
Ramey up 1 5 0 5 15 1.5 1 0 5 1.29 5 26
Coyote Up 1 5 0 5 0.5 3 o0.07 1 0 5 1.12 5 24
Rock (Twin $-8) Up 2 5 1 1 0.66 5 1.04 10.023 50.874 5 22
Little Jack’s Lo 1 5 0 5 0.5 3 0.66 1 0 5 0.73 1 20
Big Jack’s (upper) Lo 1 5 3 1 0.25 1 037 10993 1 0.8 5 14
Cottonwood Lo 1 5 0 5 1 5 4.7 5 0 5 0.8 5 30
Lake Fork Lo 1 5 1 1 033 1 0.4 10.076 5 0.8 5 18
Station Fork Lo 2 5 0 5 6.5 3 232 5 0 5 0.95 S 28
Big Willow Lo 15 3 1 0.25 1 2.5 50.148 1 1.02 5 18
Cold Springs Lo 1 5 11 0.5 3 2.9 50.033 5 0.92 5 24
Current up 0 1 11 0 1 0 10,006 5 NA 1 10
Duncan (upper) Lo 15 0 5 1 5 8.57 5 0 5 1.29 5 30
Spring Lo 1 5 3 1 0.25 1 2.7 52.18 1 1.07 5 18
Sheep im 0 1 2 1 o 1 0 10.192 1 NA 1 6
Big Jack’s (lower) Im 1 5 3 1 0.25 1 1.06 10.269 1 0.78 3 12
Cassia Im’ 1 5 2 1 0,25 1 072 1 6 5 1.02 5 18
Mary’s Im 0 1 2 1 0 1 0 10.118 3 NA 1 8
Duncan (lower) Im 1 5 0 5 1 5 5.05 5 0 5 0.81 3 28
Trapper (lower) im 1 5 1 1 0.5 3 198 5 0.02 5 1.05 5 24
Shoshone Im 0 1 5 1 ¢ 1 0 10273 1 NA 1 [
SF Mink (Poc.) Im 0o 1 0 5 0o 1 0o 1 0 5 NA 1 14
Wolverine Im 1 5 0 5 1 5§ 337 5 0 5 t.2¢ 5 30
Camas Im 0o 1 31 0 1 0 10.098 5 NA 1~ 10
Deep Im 1 5 31 0.2 1 0.05 10,2726 1 1.4 5 14
Rock (Magic) Im 1 5 0 5 0.5 3 0.05 -1 0 5 0.8t 3 22
Rock (Twin S-5) im 0 1 3 1 0 1 0 10058 50.959 5 14
Rock (Twin $-6) Im 1 5 11 0.5 3 0.08 10.012. 5 1.06- 5 20
SCORE L

Go0D 5 >.92 <.86 >.54 >1.88 <110 >.8

FAIR 3 >.83 >.86 >.49 >1.71 >.110 . .76

POOR 1 <.83 >.9 <.49 <1.71 >.121 <76
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River Plain ecoregion than in the Northern Basin and Range
ecoregion (Fig. 17). These data suggest that streams in the
Snake River Plain were more heavily impacted than streams in the

Northern Basin and Range.

The fish metric score averaged 26.4 for upland, 21.0 for
lowland, and 16.1 for impacted streams (Figure 18). Fish metric
scores were comparable between the two ecoregions, although
impacted streams of the SRP had lower values (mean=11.1) than
impacted streams of the NBR (mean=18.7). The fish metric score
showed a significant positive regression against the habitat
assessment score (r?=0.53) (Figure 19). Significant positive
relationships were displayed when metric scores of both
ecoregions were regressed independently against the habitat
assessment score (NBR, r2=0.66; SRP, r2=0.61)(Figure 20) .
Further, both regression lines exhibited identical slopes, but
the intercept for the SRP relationship was less than that for the
NBR. This suggests that habitat quality is somwhat lower in the
SRP than in the NBR, as was shown in average fish metric scores
being lower in SRP impacted sites relative to NBR impacted sites
(see Figure 18).

We regressed the number of fish captured using one-pass of
the electrofisher against the estimated abundance based on three
passes of the electrofisher. We found a positive relationship
(r?=0.66), although much variation was observed at higher fish
densities (Fig. 21). These data suggest that three passes of the
electrofisher should be completed in streams displaying higher
fish densities. Apparently, low capture effectiveness occurs in
streams with higher fish densities.
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DISCUSSION

The primary goal of the project was to refine and test a
series of biotic metrics for assessing biological integrity to
eventually develop bioclogical criteria for demonstrating recovery
or degree of impact for freshwater ecosystems. The present study
provided baseline monitoring data for macroinvertebrates and fish
from a spectrum of "least" impacted or disturbed streams (i.e.,
upland and lowland stream types) in the two ecoregions. The use
of rapid bioassessment protocols allowed for the efficient and
effective collection of this reference data set. A standardized
methodology proved effective for comparing and combining data
from the previous year of study. For macroinvertebrates, we
found a quantitative sample (modified Hess sampler, 250-um mesh)
to be as fast and provide additional information (e.g., organism
density and biomass) and better resolution among stream types
than a gualitative kick sample. The quantitative sampler also
allowed for better sampling of specific habitat types. For fish,
we found that a single pass of the electrofisher was effective in
streams with low turbidity and low fish densities, but that a
three-pass approach was needed when streams were turbid and/or
had high fish densities. Blocknets were used with both the
single-pass or three-pass approaches. The collection of baseline
data from reference or "best case" streams should allow for the
development of biological criteria for these two ecoregions for
use by resource managers. However, additional samples providing
a balanced sample size among stream types and ecoregions would
greatly add to a robust analysis of the data. For example, Ohio
EPA suggests a sample size of at least 40 streams per ecoregion
(EPA 1990). Following their protocols, more samples are needed
especially from the Nothern Basin and Range ecoregion and,“inﬂ*
particular, for lowland type streams (currently n=2). i

We found the addition of some quantitative variables for
assessing aquatic habitats to be important or useful in
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distinguishing between ecoregions and among stream types. Based
on results from Multiple Discriminant Analysis and Principal
Components Analysis, measures of maximum water temperature,
specific conductance, and nitrate and ortho-phosphate levels
provided important additional information on differences in
habitat conditions between ecoregions. Further, the inclusion of
the measures suggested that aguatic habitats may be degraded more
in the Snake River Plain than in the Northern Basin and Range
ecoregion. However, it should be noted that only two lowland
streams were sampled in the Northern Basin and Range. In
addition to the above chemical measures, quantitative measures
for specific physical parameters such as embeddedness, substrate
size, width/depth ratio, and % canopy cover proved useful. For
example, although sediment levels tended to be higher in lowland
and impacted streams than in upland streams, nutrient levels were
greatest in impacted sites. We suggest a compromise between the
current qualitative approach and the addition of more
guantitative measures. Little additional time was required for
the collection and recording of these important habitat measures.

Seven macroinvertebrate metrics (EPT richness, H' diversity,
%EPT, HBI, Simpson's index, % dominance, and % Filterers) were
found important for distinguishing among stream types for the two
ecoregions. Shannon's H', the %EPT, Simpsdn's Index, and %
Filterers were metrics not included in the list of
macroinvertebrate metrics presented by Plafkin et al. (1989).

The inclusion of these refined metrics provided a relatively good
fit against the habitat assessment score. 1In addition, these
metrics were found useful for both ecoregions with similar mean
scores observed for the different stream types analyzed; thus
demonstrating the utility of the ecological assessment approach.
These findings suggest the necessity of refining biologiéal
metrics for specific regions of the country to take into account
the natural regional variation observed for 1lotic systems (Hughes
et al. 1990). We recommend that additional ecoregions within
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Idaho, e.g., western forested mountains ecoregion, be included in
future studies for analysis of among ecoregion variability.

We attempted further refinement of the macroinvertebrate
metric by including measures from specific taxa. The results
indicated some taxa to be specific by stream type, with twelve
taxa determined important based on MDA and PCA. 1In addition,
some taxa were present only in upland streams (e.g.,
Rhithrogena), whereas other taxa were found primarily in lowland
and impacted sites (e.g., Sialis and Odonate larvae). However,
the high variation in the presence and absence of specific taxa
within and among stream types made scoring difficult,
consequently little improvement was observed when the data were
regressed against the habitat assessment score. These data
suggest that further refinement of metrics based on specific taxa

is necessary.

Six metrics for fish were found important for distinguishing
among-stream types between the two ecoregions. These metrics
focused primarily on the Salmonidae assemblage or degree of
tolerant taxa in the fish assemblage. The metric score provided
a good fit against the habitat assessment score. The metric
score also suggested that habitats in the Snake River Plain
ecoregion are more impacted than in the Northern Basin and Range
ecoregion. However, the metrics were useful indicators of
biological integrity for both ecoregions.

In summary, we found that refinement of the original biotic
metrics (Plafkin et al. 1989) could account for regional
differences in biotic assemblages necessary in the development of
biological criteria for Idaho streams; for example, refining thé
fish metrics towards a predominantly Salmonidae assemblage.
These refined biotic metrics (macroinvertebrates and fish) were
sensitive to changes in aquatic habitat quality based on the
modified habitat assessment evaluation. Habitat assessment was
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improved through inclusion of guantitative measures and little
additional time was involved. A standardized methodology, using
both gqualitative and quantitative measures, is important for
future refinement of habitat assessment procedures and biotic
metrics. We found the present habitat assessment procedure to be
biased towards detecting habitat quality for fish and inclusion
of quantitative habitat measures increased the sensitivity of the
habitat assessment for macroinvertebrates. The data suggest the
current refined biotic metrics are suitable for monitoring
biological integrity for streams in the Northern Basin and Range
and Snake River Plain ecoregions. Analyses of additional
ecoregions is needed before a uniform procedure for the entire
state of Idaho is derived. Further, our data indicate subtle
differences in habitat quality among ecoregions, implying the
importance of using regional reference streams in the application

of the rapid bioassessment procedure.

58



ACKNOWLEDGMENTS

A number of individuals assisted in the conduction of this
project during the past two years. Donna Anderson, Jim Check,
Paul Dey, Pete Koetsier, Deron Lawrence, Janet Mihuc, Tim Mihuc,
Susannah Minshall, Greg Mladenka, and Dave Moser assisted in the
field. Laboratory assistance was provided by Jim Check, Robert
Gill, Justin Mann, Tim Mihuc, Dave Moser, Cecily Nelson, Mark
Overfield, and Kelly Sant. Tracy Hillman, Pete Koetsier, and
Scott Spalding verified fish identifications in the laboratory.
We thank Kirk Koch, Steve Langenstein, Mike McIntyre, Mike
Ingham, Pat Olmstead, Chip Corsey, Scott Grunder, and Al Van
Vooren for information on prospective field sites. Special
thanks go to Bill Clark, Tim Litke, Terry Maret, Mike McMasters,
and Mike McIntyre of Idaho Department of Health and Welfare,
Division of Environmental Quality for advice and assistance
throughout the project.

59



LITERATURE CITED

APHA. 1989. Standard methods for the examination of water and

wastewater. Washington D.C.

Barbour, M. T., and J. B. Stribling. In press. Habitat assessment
approach for evaluating biological integrity of stream

communities.

Burton, T. A. 1991. Monitoring stream substrate stability, pool
volumes, and habitat diversity. Water Quality Monitoring
Protocols-Report 3. Idaho Department of Health and wWelfare,
Division of Environmental Quality, Boise, Idaho. 8p.

Burton, T. A., E. Cowley, G. W. Harvey, and B. Wicherski. 1991.
Protocols for evaluation and monitoring of stream/riparian
habitats associated with aquatic communities in rangeland
streams. Water Quality Monitoring Protocols-Report 4. Idaho
Department of Health and Welfare, Division of Environmental
Quality, Boise, Idaho. 31p.

Chandler, G. L., and T. R. Maret. 1991. Protocols for assessment -
of biotic integrity (fish) in Idaho streams. Water Quality
Monitoring Protocols-Report 6. Idaho Division of Health and
Welfare, Division of Environmental Quality, Boise, Idaho. 25p.

Clark, W. H. 1990. Coordinated nonpoint source water quality
monitoring program for Idaho. Idaho Department of Health and
Welfare, Division of Environmental Quality, Boise, Idaho.
139p.

Clark, W. H., and T. R. Maret. 1991. Protocols for assesément of
biotic integrity (macroinvertebrates) in Idaho streams. Water
Quality Monitoring Protocols-Report 5. Idaho Department of
Health and Welfare, Division of Environmental Quality, Boise,

60



Idaho. 18p.

Dunn, A. K. 1990. Water quality advisory working committee:
designated stream segments of concern. Idaho Department of
Health and Welfare, Division of Environmental Quality, Boise,
Idaho. 52p.

Environmental Protection Service. 1990. Water quality program
highlights: Ohio EPA's use of biological survey information.
USEPA, Office of Water, Washington D.C. 4p.

Fausch, K. D., J. R. Karr, and P. R. Yant. 1984. Regional
application of an index of biotic integrity based on streanm
fish communities. Trans. Am. Fish. Soc. 113:39-55,

Fisher, T. R. 1989. Application and testing of biotic integrity
in northern and central Idaho headwater streams. M.Sc.
Thesis, University of Idaho, Moscow, Idaho. 180p.

Gallant, A. L., T. R. Whittier, D. P. Larsen, J. M. Omernik, and R.
B. Hughes. 1989. Regionalization as a tool for managing
environmental resources. EPA/600/3-89/060.

Hilsenhoff, W. L. 1988. Rapid field assessment of organic
pollution with a family level biotic index. J. N. Am.
Benthol. Soc. 7:65-68.

Hughes, R. M., T. R. Whittier, C. M. Rohm, and D. P. Larsen. 1990.
A regional framework for establishing recovery criteria.
Environmental Management 14:673-683.

Karr, J. R. 1991. Biological integrity: a long neglected aspect of
water resource management. Ecological Applications 1:66-84.

Karr, J. R., K. D. Fausch, P. L. Angermeier, P. R. Yant, and I. J.

61



Schlosser. 1986. Assessing biological integrity in running
waters: a method and its rationale. Special Publication 5.
Illinois Natural History Survey.

Plafkin, J. L., M. T. Barbour, K. D. Porter, S. K. Gross, and R. M.
Hughes. 1989. Rapid bioassessment protocols for use in
streams and rivers: benthic macroinvertebrates and fish.
USEPA EPA/444/4-89-001.

Platts, W. S., W. F. Megahan, and G. W. Minshall. 1983. Methods
for evaluating stream, riparian, and biotic conditions. Gen.
Tech. Rep. INT-138. Ogden, Utah. USDA, Forest Service,
Intermountain Forest and Range Experiment Station. 70p.

Robinson, €. T., and G. W. Minshall. 1986. Effects of disturbance
frequency on stream benthic community structure in relation to
canopy cover and season. J. N. Am. Benthol. Soc. 5:237-248.

Robinson, C. T., and G. W. Minshall. 1991. Biological metric
development for the assessment of nonpoint pollution in the
Snake River ecoregion of Southern Idaho. Final Report
submitted to Idaho Division of Environmental Quality. 75p.

Statsoft: Statistica. 1991. Complete statistical system with data
base management and graphics. Statsoft, Inc., Tulsa, Ok.

Strahler, A. N. 1957. Quantitative analysis of watershed
geomorphology. Am. Geophys. Union Trans. 38:913-920.

Waters, T. F., and R. J. Knapp. 1961. An improved bottom sampler.
Trans. Am. Fish. Soc. 90:225-226. '

Winget, R. N., and F. A. Magnum. 1979. Biotic condition index:
integrated biological, physical, and chemical stream
parameters for management. In Aquatic ecosystem inventory:

62



Wisseman, R. W,

Zar,

Macroinvertebrate analysis. U. S. Forest Service
Intermountain Region Contract No. 40-84-M8-8-524. Brigham

Young University, Provo, Utah.

1990. Freshwater macroinvertebrates species list
including tolerance values and functional feeding group
designations for use in rapid biocassessment protocols. Report
No. 11075.05 USEPA, Assessment and Watershed Protection

Division, Washington D. C.

J. H. 1984. Biostatistical Anlysis, 2nd edition. Prentice-
Hall, Inc. Englewood Cliffs, New Jersey.

63



A

(ST
\

b
N
\

\i\&\

NG
=

)
@1

A = \\ (.

[~
Bear creek
Arco ma

P
Long 113°56', Lat 43%45'

Towmship T 5 N
Bacema D 21 R

: k\//
> -
S
—
T
-l_ >
T~
A TGIRE O

\

‘* Ramay creek

Arco Bap

Long 113°56', Lat 43°4¢
Towmship T 6 N

Renge R 21 E Sec 27



Big Jack creek
Triangle Quadrangle

Long 116°02', Lat 42°34'

Township T 10 S
Range R 4 E Sec 18

Cottonwood creek
Triangle Quadrangle

Long 116°05', Lat 42°32'

Townaship T 10 S
Range R 3 E Sec 27

Duncan crasek
Triangle Quadrangle

Long 116°04', Lat 42°31'

Township T 10 S
Danea R PR Qaer 38

S~
.
c q
. 1
A, l
< T9s
N
U
~Neo U=
e =35
S —Sdv
N h%
f D
{ A ‘
A
il
O
L ;
’ i
[
.\ N
i
-~ AZ. U
\ 1
LN T :
‘,5 =T 10 S
s |
s — 4 =i 4710000m N
\‘ 1
— - >
v
-t . /
- >y, T T R -
=< T S el =
- N A ‘ & \ : - L.
,/'T/ -~ \_‘/g/ : ’,’_ L o gb// P <L ')
T e N o T
U '\_ _l._..:/ ! . Simmy Cange- 25
I [ ( ! ’ onngs -
;’ ,‘SD”:V:‘;S ) \.\L ’ T — —_ - .
N 1 6 ! R
. 42° 30’
S R3E Protea 1973 $R0din ¢ 116°00°
v
)
S AT T £
J (
ROAD CLASSIFICATION
Primry highway. hard surface . . . ... ...... m——
S Secor.ary highway, hard surface. . . .. ... ... ——
—_— Light<ty road. hard or improved surface. . . . ..
e Sgeeteotherroad . . . . . . . . .. oL,
Trail . . e e e e et e
" Inter ate route 7 U.S. route - Sjaxe route
TRIANGLE, IDAHO

NE ‘4 JORDAN VALLEY (NK 11- 9 1:250 000-SCALE MAP
N4230-W11600/30 x 60

1978
SURFACE MANAGEMENT STATUS



{ ) e plmﬂ_\M\_.x :\ﬂ.//tﬂ, _..; ,w.m x\,|.|\u_ - ~ *H‘*!L ..UX:EA ,ku.\.\.rmmFNrw
. ﬁ | 7 ) ) y2o . A \M\-- e — RS0
o < LI % R
" OG’O (S 2y ) Wn.
I s | ] o uh-,«_ I ﬂl,‘tl ~LED
o b e It YOl IR
. AC\@*.\ . H _ _ _ _.W & A C | HW\
[»)
. : . ,\. - be’ {_ V ﬁ - W
N S ocee” . . ) K y ME
e~ J.m?\ummw%\ -111\1IlaﬂxrgﬁhgiljlﬂWw.J,,wwu.” P Ty : \, ~ .MM -
N N . - \ - r. - . - . \ .
! - . . . i

YR

VWiiuyr -
\ . ]

A}
L
PN
1}

,
N
X

~

(BOISE)

1300 130

R2W

:..::;.:_,.I

’

e
iy
<

it

Bannister

53

=
ﬁ
l
1

|
: .\J\;\\\‘“\P '
—5

Long 116°28', Lat 44%0
Range R 1 ¥ Sec 29

Weiser Quadrangle
Towmship T 9 N

Big Willow creek

100 000
5
4500¢

KILOMETERS
MILES
10000

SCALE 1

8000

1Q0¢
’ 338 MILS

Q181!
5 MILSH



/‘ . .
N
{

N

' 450 00O FEET 5q

Big Jack creek
dited and published by the Bureau of Land Management Glenns Ferry Quadrangle
-Long 116°00', Lat 42°07'

npiled in 1975 from USGS 1:62 500-scale topographic maps .
.2d 1947-1959. See index for dates of individual maps | Township T 9 S
v Bansa R 4 B Sac 28



Disnpan

5/31

7
-

(JARBIDGE MTS.)

e

1 .
m s :.: . 5
\ - - B R _m
T ' ..ct»z M.WM o W—.M
2y S !
) ") \
ubno ) 5 2 \ el 3]
d S B I RN ShE I
w_ - ! . iw - il My m _.w,w., “
.« \ \ - . k es 3
{ XYk Mo =
/ ;&\, | ‘ . 8 Et \_
: - — O 3sy 8,
) . o - 5 EFTIRI
| I 71 syiid
{ \ LRV al 28888
: . \.\A\ Gy : d - 1




a5

L

Mink creek

Long 111°30', Lat 42°11'
Range R 42 E Sec 23

Bloocmington craek
Township T 14 S

Praston map

-

Long 111°39', Lat 42'16’

Tosmship T 13 S
Ranee R 41 B Sec 22

Preston map



:. kw . / N |
w. ajt .:.wn&mm /,ﬁ -
. Pl
. - b

' yaai7)|bundg

1¥ >
~\~ .um. .

oSt
/. 05

) 1]

N h ,,ﬁ
R
#. . .

3 1 \d|1 v |4 d

\ .
W (o
{
‘ 1
| 1 / s L [
RO R . N
T ) peew ¥'v |ainoanvay E.ﬂw
] \
w w_
K A s

trat

_.. | _ \:V

Pairfield Quadrangle

Long. 114%°39', Lat 4319’

Toemmship T 1 S

Camas creek




15'

R10E

150

R9E '60C

63

| (g
| g} Spnng
r'( /

T

e-
ma
%
.u.ma &
aWt ¢
4o,
sm...3p
uniao
D..ll..mn
R
- :
)
3588
3 e o

N

10

j4

(GLENNE FERRY)




wa;,”e me

GALENA QUADRANGLE
IDAHO
7.5 MINUTE SERIES (TOPOGRAPHIC)

85 330000 FEE”

Coyote creek

Galana Quadrangle

Long 114%39', Lat 43'51
Towvnship T 6 N

S
PR T T L
noy =4 ”

AR E A

-uGalens
- Pionaer Cem

114°37°30”

43 52°30"

‘<

Cherry creek AN ‘ -
Galena Quadrangle : 2 { \_//\
Long 114°38', Lat 4351’ R AN
Township T 6 N )N

ISR

fact]

-



— : \ N\
Sonngs ~ . ’
- \ \'\
\ A .
- i :
1‘..— . . \‘A . —_
, _ ; 3
= Voo - _T/L
L P > 4, Sonngs _ .
r - . : (\— Ly i
—Sanngs 3 yoo3s - L 3 — ~ — /<
S | 3 PN SN
N V“\\\ \ Vh\—lh\ - B ¢ \\‘. ~ /
~5 D s <
\ ——— ? ?Sonngs ’ Sprmgs\\‘\
e
) ~ \ .
N
-~ ~ N \1
c - = PY
AN
> ; 23
~1 — —/',-’\~
—

i :
' H
[
b /
=
By = ?;c“ . . gicrmaaukr
e o i Senng N o~
N [ Y ‘ - 5 ccc
o - N Spmnz
3 - ) N 4
I ;/' - \ e, 5 : Sonngs

36

A [ ) Benne:: - .
i Spnngs) AN Reservorr . :

— T :
. o A N
1 6 _ - [
= - —— - A~
LT~ C—
- Hlisice Spnngs - . — . }
Sonng _- - — -~
s Slack - _ o o~
/, —‘]_»’.‘ 7 Mountain it
)T N~} oun N
(I i < w -: Couwgar PR H . . R
P LRSI e 3PTYVG T L i . [ N
= e - b ! .- Y — N
Y s ;R ~ N
e, - - ' \ } ; . ; //:r\
‘1 ) ; i ! T ¢ \ -
— =y | - - -:if:_ "C::rsen . LMoonsnine - v PR .
— z - ' Snrings « L= - Spang Henie. .
sErrer - L | e
- \ . C T N . //'\[\_\:'J.\
i < P, :
. = AN — i G
- & ' ! ! - . i
RSN SN Lo o
k', - . - —_ w\’.~ @Swlngs
" Cree—— N 3 ‘
~ 2 - . \}l :
. : - 1 i — ~—
= T | 2 e | AN
e a7 | — '
i 36 . ~ ! ~ N - \@
' Teaxestie 5"95‘*":—_\\ ~ 1108 ™ - .
— £  Senng prng T
. 1 3 S ToLs R2W (RIDDL
iy a5’ R3W 25C
Current creek Deep creek
Triangle Quadrangle Triangle Quadrangle
Long 116°45', Lat 42°35' Long 116°41', Lat 42°35’ v o
» T T TS
Towmship T 9 S

Range R 3 ¥ Sec 31

Township T 10 S
Range R 3 W Sec 3



/ o —
a5 <
N -~
,
\\°J‘
Py @0
>
-
o 36—
ARY

eicher
1

‘\ smugl] o
N .

ABar

. . ¢ {
Pl [
,
Y n
| = .
: C
N NI ek reer :
bandiye q > .
s tr—— S ————————am 3, H

"A-‘Q
bsnn;§-°’°

TR/ NBi

! —_— W

j \\ . !

. ~Eeh Wollow
|

e | &
:  Cassia creek
Oakley Quadrangle
Long 113°31', Lat 42°1
Township T 13 S
Range R 25 E Sec 22

ocx Son
S

39VS

ity ;
Stinson creek

NN S

Cottonwood creek

Green creek Oakley Quad 1 Oakley Quad 1
Oakley Quadrangle ey rangle ey rangie
Long 113°37', Lat 42°13' Long 113°40', Lat 42°15' Long 113'37', Lat 4
Township T 14 S Township T 13 S Towmship T 13 S
Bamea D 22 ®  Qan 11 Range R 24 E Sec 33 .« Range R 24 E Sec ¢



TS

1\

b}
CON SR A T T

rk craek Station Pork creek

Oakley Quadrangle Oakley Quadrangle
Long 113°02', Lat 42°20' Long 113°01', Lat 42°19°
Tewnship T 12 S Township T 13 S

Ranges R 29 E Sec 34 N Range R 29 E Sec 2



-
S
//
—_
o - C‘5€7
— / —
_—— = —— crs e /”—\-
’ //4 :é—y -
_ 6 31
\ =
N\ - B
/ -, -
Nt
ey
/ /////:::;::;zggy_,‘; 1 % <7
N : ’ S Banzi 4
= e 3
Sy 5 e P
=l e . ~a >
~ o~ Fpp e ' z
N s - / z
vl AN g R, _-ﬁ; -
S~ _ =~z )2 w»
Y - = : 2
s . 3 2
; ' <3
{ , £ z g
' < . < A=
) ~ s Sas
. ! <3
. .
- =

COrps Of Lhginec:»

Wildhife Refuges. . .

Bankhead-Jones Land Use Lanas
(L.L. Lands/

Tennessee Vallev Authonv . . - - -

Patented Lands . . . .

State Lands

Bureau of Reclamatton . . . - - - - - -

Power Withdrawals and
Classificanons. . . . . . .-+ "

Federal Agency Protective
Withdrawals. . . . . ..« -« oo

Public Water Reserves. . . . . . . . - -

Energy Research and Development
Admimstranon tERDAL . . ... oo -

Oregon & Calitorma Lands (O&C
Lands IAdministered Bu US Forest
QETVICE « o v v e e oo e

Radio & Air Facilines . . ... .. - -

Miscellaneous . . . . . .« - -

State. County, City. Wildlife.
Park and Outdoor Recreation Areas. .

Acquired Lands
By Admimistering Agencvi . . . - . -

.

Little Jack creek
Triangle Quadrangle

e
" NCNED

|

INONE.

|

CNONES

i

NONE!
)
{ NONE!

NONE !

|

| NONE

|

F NONE

|

INONE

|

tNONE

|

INONE

Long 116°06', Lat 42°43'

Township T 8 S
Range R 3 B Sec 16



x y ! z N N
> z (RIDOLE] € &2 ¥ o
Rt
S~ e I S Asttiesnaxe Basin
~ \\ \ .
1S . -
< N = ¢ P —_
- . ol .
S’ } > 42 s :
; = T - d I —
T T T S e
' T L N e - 1 —
¢ ' S\ l - ‘\Ef s — I.___.., A — B
. ! h b \!V ) - } ‘: "'2'_ s — = ’ ’
\ —_ : - _ T ~ - !
= o — —
T B ——
=z A q?\}\p _— | : |
v o ] — i
o EEEE A o | eTeex e _ . |
;(; | —_ N
1§ z - \ - T
B BIARN H =
= e 2 3 LT ;
=y Ll i f_,‘{,,iéa,\ﬁ . 2 i N
: __Drgw 1; Tl ) e —
| f SR T T =i : -
’ . P - | 2
“~ \ ~<. ' ) " '; —_—
. i y [ , ; T 2
- L .
3
: I — & ! i 4 i - |
T~ T b ST . = . !
w LT ! 3 s - ° = - |~ — -
o { = : — — - Lol - L B
! ,_’\x [ — i e 7 T —
- i ' [ :
. l’ [ B —
== = \
- —3E AR !
T 7 — - . ' -
\ =7 N Vo . :
- —- -~ - Ty 2 _ >
- — " h ——— ~ 3
g , |2 @ i : , : 1§
- i iE s [ Qs P o ; 1,
. Dot 3 Jr/\//— S | , o
! 1 . D : -
& ‘ ! i —_— - .
| I & - 7 : | _n
Vs - .
.

Mary's crasek
Sheep Creek Quadrangle
Long 115°59', Lat 42°10’
Township T 14 S

Range R 4 E Sec 27

Sheep crezek

Sheep Crezek Quadrangle
Long 115%°5', Lat 42°12'
Township T 14 S

Range R 6 E Sec 15




sy =

&)
e
g =~
» B - ot
o 3
3 s' <
- h R¥ I gb 4 Lo -
= = P

TR T - -
~ - ’

. A 7";}4:'// - 1

Fisuron ~ - 7

S P Mink creek
Pocatello map

Long 112°25', Lat 42°41’
Township T 8 S

Range R 35 E Sec 31

W F Mink creek

Arco map

Long 112°26', Lat 42°44'
Township T 8 S

e D 2. T Qan 17




Y < s 11
shenady ;:.Sx.’w. .

[ae 11

S— ) 3§

Rock(Magic) creek

Fairfield Quadrangle

Long 114°24', Lat 43°26'

Township T 1 N
Ranea R 17 R

m.ao: . h\f.;“ \MNHM....\.“
L n G
¢ _\,m«\ o a:/__zs

__m&uepiop

.

I3
4

~5 T
—
-
e

/’_"r’

-~
-

el
L -5
4
>
i S DL
)
-

S E = 5

~q.

P Vs
= R
=
&

Ry
S

{

/‘ V—A-_A
25N

=
24




MAGIC CANTYOH
4-2
»

ALvp

~y Sy

eLug /IAK”

N
A STREAM STATIONS
. SUBBASIN STATIONS
lilih STRE AMBANK EROSION

STUDY SITES
s cale

Qr 1 % . ? - ;.rm

o 4 8 km

JESSER.
OO

KIMBERLY

CANA-

% STAFFORD
c KSTR‘ICKER
KERR Sy,
D RO <
) 101
< !
C
< ) 0

ZpnP

MO MUL

HANSEN

L

A33YD

Figute )

Maps ol e Tock Creck Hural Clean Water Program stucly aiea. Twin Falls County, ldaho

Hock Crueek und subbauin sample siations are shown as wull as the areas swlucted for

straaim bank giosion  Study.

Rock(Twin) creek

Long
114%21'52"

Y —a

Long Long
114°18°'15"  114%14'55"

A-6




UNITED STATES
EPARTMENT OF THE INTERIOR
'UREAU OF LAND MANAGEMENT

5
- A~
BaNR S et - - ;
N e e -
. P g
- N i - -
T ‘
~. : - .
S N36 = 3 . 3¢ 3
e Bast = LINE -
3 T R : € ’ }
—— - - —_ /
R RS E - .55
A : ' T - -
% Y Cz T ———
. \ B . Fairfield ———
: Corral - o ~
- T o - s kN
. \R SN \ . ’ f
I ! 3
re N 19 v ~ O ) ,
25, > i \ ) AN - :
{ |- § i i ~ . !
\}\ ;: . \.v-\C,ee— \\ R I ) s \*L
5 < 1538
~ . H
L o T cia m A%s |
- \:_: : , f
g 2 I% .‘-’: \:.’ ~
N 1. 1
] X 1 . > :
X‘;i = - \ _ ;
' N : ' -~
L~ — ~ i . :
P - s o~ S —— - =~ s, . e =
e \\4;55/8‘"”~”‘ - Tl S F Soldier creek
6 -z - - - . -
: v, Tl e ® ook Pairfield Quadrangle
—~ - BN O - "By e o Long 114'50', Lat 43°30°'
= _ - R 1 55 Township T 2 N
- T=. - : Ranea R 14 R Qanr 19




|

Canyan

«
F— =

IR
I Creek

*Ralﬂimke M
~\

~1913

L

(7

b

A,

~

i

4
|
H

L N
i

3
i

RI16E

e

"_.

e e ——

o

4 .
I\ Ma Neo \’_\
\  %WHot L3 i . -
LU N 1789 ! Sprgs 23 K
4 1
. o] N ’
v one A e |
31 i i 3

Shoshone creek
Rogerson Quadrangle
Long 114°33', Lat 42°01’
Township T 16 S

-w__ __. N 12 D Bma N2



o
T
Il

u

«

MC CALL R

A

“iz-

—

-
e
N

N

< -
TNATIONAL

Spring crasek

~

N

e“ m
- Y (
CREK
M .
u- lu
3ge.
M..P
uadf
S o
2dF:
2384

[0 ¥V Ud mnba ass o4
IR EE" R R




Long 114°15°', Lat 42°15

Rogerson Quadrangle
Township T 13 S

3rd Fork creek

Range R 19 B Sec 32

— B
Bupdds Uy,

N

MW A
yresg 4
.

#~
=

.)A

Id

o/t
i




0O

Hpanasy /’ﬁ

%i»b. :

et

.
33

TP

i

Timber crasek

Borah Peak Quadrangle
Long 113°26', Lat 44°25'

Townahip T 13 N
Range R 25 B Sec 25

\

WL, N\

b N qe

e

1

wﬂma..
IRy %

.l‘
29
*

w,
~
N

\
L T

i Rt
v B ,“-_‘_f"




Perennial stream. lake

intermittent stream. lake .

Village or locality .

Landmark stucture .

Trapper creek

Rogerson Quadrangle
Long 114°06', Lat 42°08’
Township T 15 S

Trapper creek

Rogerson Quadrangle
Long 114°02', Lat 42°09'
Township T 15 S

"~ Nt o Caa K

mmmmm«nwmaidw ..... —_
Steetorotherroad .....o. - - -
B PP P
" Interswate Route U.S. Route Satef

ROGERSON, IDAHO-}

SE/4 TWIN FALLS (NK 11-6) 1:250 600-SCAL
N4200-W11400/30x60

1978
SURFACE MANAGEMENT ST



- T S =
Wolverine creek "'ﬁ%,zw‘
Palisades map ) gt - TME
Long 111'12', Lat 43°17' N : .

Tewnship T 2 S
Range R 39 E Sec 6




Appendix B. Standardized coefficients for canonical variables from
the Multiple Discriminant Analysis results of the habitat measures.

Variable Root 1 Root 2
Bank Stability -.962 .024
Canopy Cover .706 -1.658
Specific Conductance .796 -.698
Discharge .707 ~.698
Stream Cover -1.228 -.,027
pH -1.016 .426
Chlorophyll a .506 .283
Measured Width:Depth Ratio -1,222 .225
Pool:Riffle Ratio .710 .436
Temperature .209 .107
Width:Depth Ratio .419 .326
Slope .058 .202
Periphyton AFDM .277 .293
% Cover -.117 .720
Embeddedness -.254 -1.343
orthophosphate -1.154 1.817
Nitrate -1.062 .958
Substrate Size 1.388 .412
Eigenvalues 63.22 11.62
Percent explained 84.48 99.99
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Appendix C. Standardized coefficients for canonical variables from
the Multiple Discriminant Analysis results of the macroinvertebrate
metrics data.

Variable Root 1 Root 2
EPT/Ch+0 -.078 .575
Species Richness .470 .105
EPT Richness -.837 .904

Hilsenhoff Biotic Index .834 -.077
Biotic Condition Index -.154 -.113
EPT/C -.742 -.169
% Dominance -.894 -1.580
Shannon's Diversity (H') -.521 -1.342
Simpson's Index .695 1.003
S/F Ratio . 065 .098
% Scrapers -.575 -.003
% Filterers .598 471
% Shredders -.506 -.129
% EPT Taxa 2.069 .503
% Ch+0 .229 .681
% Chironomidae -.262 ~-.206
Eigenvalues 3.83 .84

Percent explained 81.93 99.99
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Appendix D. Standardized coefficients for canonical variables from
Multiple Discriminant Analysis results of the macroinvertebrate

taxa data.

Variable Root 1 Root 2
Chironomidae -.12998 .63433
Oligochaeta .26237 -.14231
Baetis bicaudatus -.64081 -.75823
Tricorythodes .18580 -.56456
Hyallela azteca .06326 .169389
Rhizelmis 2.12111 .97069
Hydracarina -.67259 -.49579
Zapada .27475 -.24929
Paraleptophlebia -.05628 -.25037
Ostracoda ~-.54382 .36370
Cinygmula .50531 -.47462
Turbellaria .49857 .85182
Epeorus albertae -.33950 -.22748
Simulium .71450 .05444
Hydropsyche .33869 -.50633
Brachycentrus -.11112 .01440
Ryacophila acroped .48433 .03101
Pisidium 1.00642 .77338
Drunella coloraden .43908 -.00327
Seratella tibiali -.02954 -.16916
Ryacophila acroped .62982 .45877
Glossosoma -.59205 .38426
Heterlimnius .28337 -.16549
Ameletus -.19966 .22382
Ephemerella -1.17913 -.87037
Ceratopogonidae .01922 .38797
Clostocea -.0974¢6 1.18323
Alloperla .88788 .90066
Hexatoma .91045 .94014
Optioservus -.09785 .51040
Antocha -.12835 .77781
Eigenvalues 6.22 3.87

Percent explained 61.63 99.99
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Appendix E. Absolute abundances of macroinvertebrates collected from each site. Qual.=qualitative sample; Quan.=quantitative sample.
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Appendix E.

Absolute abundances of macroinvertebrates collected from each site. qual .=qual itative sample; Quan.=quantitative sample.
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Apperdix E.

Absolute abundances of macroinvertebrates collected from each site. Qual.=qualitative sample; Quan.=quantitative sample.
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Appendix E. Absolute abundances of macroinvertebrates colliected from each site. Qual.=qualitative sample; Quan.=quantitative sample.
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Appendix E. Absolute abundances of macroinvertebrates collected from each site. Qual.=qualitative sample; Quan.=quantitative sample.
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Appendix E. Absolute abundances of macroinvertebrates cotlected from each site. Qual.=qualitative sample; Quan.=quantitative sample.
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Appendix E.

Absolute abundances of macroinvertebrates collected from each site. Qual.=qualitative sample; Quan.=quantitative semple.
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Appendix E. Absolute abundances of macroinvertebrates collected from each site. Qual .=qualitative sample; Quan.=quantitative sample.
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Appendix E.

Absolute abundances of macroinvertebrates collected from each site. Qual.=qualitative sample; Quan.=quantitative sample.
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Appendix F. Species names for macroinvertebrate notations in Tables
10 and 11.

Species name Notation
Cinygmula CINYG
Simulium SIMU
Epeorus EPEO
Chironomidae CHIR
Baetis BAET
Drunella coloradensis DRCO
Turbellaria TURB
Elmidae ELMI
Serratella tibialis SETI
Drunella doddsi DRDO
Rhyacophila acropedes RHAC
Calineuria CALI
Capnia CAPN
Micrasema MICR
Brachycentrus BRAC
Oligochaeta OLIG
Parapsyche elis PAEL
Rhithrogena RHIT
Hydracarina HYDRA
Glossosoma GLOS
Rhyacophila RHYA
Zapada ZAPA
Arctopsyche ARCT
Heterlimnius HETE
Ameletus AMEL
Hydropsyche HYDRO
Ephemerella EPHE
Pisidium PISI
Grensia GREN
Alloperla ALLO
Hexatoma HEXA
Paraleptophlebia PARA
Ceratopogonidae CERA
Hyallela azteca HYAL
Tricorythodes . . TRIC
Amphiagrion AMPH
Antocha ANTO
Hydroptila HDROP
Ostracoda OSTR
Clostoeca CLOS
Optioservus OPTI
Sialis SIAL
Pteronarcys californica PTCA
Ophiogomphus OPHI

Fontelicella FONT
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